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(54) Method of Interconnecting Wells in Soluble Rock Strata 

The present invention relates to mining and may be employed in the formation of gallery- 
type underground caverns in soluble formations, as well as in the production of mineral 
salt by means of solution mining. 

A method is known for interconnecting wells in soluble rock strata that includes the 
practice of drilling wells, interconnecting them by hydraulic fracturing and creating 
thereafter a connecting cavity by pumping a solvent into specific fractures [1]. 

Another method is known for connecting wells in soluble rock strata, primarily rock salt, 
which is comprised of the drilling of a vertical well, equipped with a casing and a tubing, 
and of a deflected well, that has a horizontal portion of a well bore; followed by the 
moving of the bottom of the horizontal portion towards the bottom area of the vertical 
well; then the creating of a passageway from the vertical well bore in the direction of the 
horizontal portion of the deflected well and the formation of an interconnecting cavity in 
the block between the horizontal portion of the deflected well bore and the vertical well 
bore by means of pumping a solvent into one of the wells and periodically increasing the 
pressure in one of the wells [2]. 

The disadvantage of the known methods is that, for the purpose of creating an 
interconnecting passageway, the hydraulic fracturing of the bed is employed that might 
cause a well seal failure under necessary high pressure applications. 


In addition, the creation of an interconnecting cavity is time consuming due to a lack of 
control during the creation process and the necessity of creating a large cavity for the 
well connection. 

The object of this invention is to reduce the time required for interconnecting wells by 
means of reducing the dimensions of a formed cavity as well as eliminating the 
possibility of annuli seal failure. 

This object is achieved through a passageway created in the direction of the horizontal 
portion of the deflected well by means of drilling a borehole, and the forming of a 
circular interconnecting cavity, oriented in the vertical plane, by means of pumping a 
radially-directed solvent into a massif through a nozzle, fixed at the outer end of the 
tubing, positioned in the bottom of the borehole. 

In addition, the borehole is drilled at an angle of 50-60 degrees relative to the horizontal 
portion of the deflected well. 

Figure 1 shows a vertical cross-sectional view of interconnecting wells. Figure 2 is a 
cross sectional view of A- A designated in Fig.L 

The method is practiced as follows: 

A vertical well 1 and a deflected well 2 are drilled at a predetermined distance from each 
other. The vertical well is drilled so that its lower portion extends for 1 - 2 m into the 
bottom of a salt formation 3. 

The deflected well is drilled so that its lower angled portion approaches the bottom of the 
salt formation 3 and is directed towards the vertical well bore 1 . A casing 4 extending 
into the top of the salt formation 3 is positioned in both of the drilled wells. 

Thereafter, an additional horizontal portion 5 is drilled from the deflected well bore 2 
along the bottom of the salt formation 3. The drilling of the additional portion is 
continued until the bottom thereof approaches within the well bore area of the vertical 
well 1. 

Upon completing the drilling of the additional horizontal portion 5 of the deflected well 
2, known geophysical methods are employed to determine the actual location of said 
portion in relation to the well bore of the vertical well 1 . 

For the purpose of connecting the bottom area of the vertical well 1 with the bottom area 
of the horizontal portion 5 of the deflected well 2, a side horizontal borehole 6 is drilled 
from the vertical well bore towards the location of the horizontal portion, for example 
with a diameter of up to 100 mm, at an angle of 50 - 60 degrees to the axis of the 
horizontal portion 5 of the deflected well 2. 


The length of the drilled borehole 6 is the calculated distance from the vertical well bore 
1 to the additional horizontal portion 5 of the deflected well 2 and is determined by 
measurements of azimuthal inclination of said portion of the deflected well 2 from the 
vertical well bore 1 while drilling. 

The horizontal borehole 6 is drilled by employing the known tools for mechanical drilling 
of side branch holes from a vertical well bore with a small curvature radius, for example 
up to 3 m, in which a rock-cutting bit is connected with a drill string 8 through a section 7 
of flexible metal pipes. 

Tools for side branch hole drilling are lowered into the borehole collaring location and 
kept in a predetermined direction during the collaring and the drilling of said borehole 6 
by means of a guide apparatus 9 positioned at the end of a tubing 10. After being 
lowered into the well to the depth of the borehole collaring, the guide apparatus 9 is 
oriented by the azimuth of the borehole collaring 6 and thereafter fixed at the mouth of 
the borehole. 

After advancing the borehole 6 to a predetermined depth, the rock-cutting bit of the side 
drilling tool is replaced by a fixed or revolving nozzle that serves to radially direct a flow 
of a solvent by means of which in the bottom area of the drilled borehole a vertical 
circular cavity 1 1 is formed by pumping a solvent (fresh water) through the drill pipe 8 
and the section 7 of flexible metal pipes. 

The brine thus created is withdrawn through the openings of the guide apparatus 9 and 
circular gap between the drill string 8 and the tubing 10. 

In the process of creating a circular cavity, the pressure in the vertical well bore is 
periodically increased until it reaches a level not exceeding the minimum pressure level 
required for the hydraulic fracturing of a salt massif at the foot of the casing of said well. 

The process of forming the vertical circular cavity is continued until there is established a 
stabilized hydrodynamic connection between the wells, which is characterized by the 
even flow of brine out of the deflected well when the brine flow-out line of the vertical 
well is covered. 

The suggested method prevents the formation of large or irregular dimensional cavities in 
the location where the bottom of the vertical well interconnects with the bottom of the 
horizontal portion of the deflected well, which have a detrimental effect on the form of 
caverns, for example of a gallery-type, in the process of their creation; eliminates the 
threat of seal failure in the annular space of interconnected wells on the account of a 
dramatic drop of pressure demand for the growing of hydraulic fractures in the salt block 
that separates the wells; significant reduction of time required for well interconnection on 
account of reduction of volume of work required to form an interconnecting cavity in the 
block between the wells. 


What is claimed is; 


1 . The method of interconnecting wells in soluble material formations, primarily 
rock salt, comprising: drilling of a vertical well, equipped with a casing and a 
tubing and of a deflected well that has a horizontal portion of a well bore; moving 
of the bottom of horizontal portion of said well to the bottom area of the vertical 
well, creating of a passageway from the vertical well bore in the direction of the 
horizontal portion of the deflected well and forming in the block between the 
horizontal portion of the deflected well and the vertical well bore of an 
interconnecting cavity by pumping a solvent into one of the wells with 
periodically increasing the pressure in one of the wells, distinctive in such a way 
that with the object of reducing time for interconnecting wells by decreasing 
dimensions of the formed cavity, as well as preventing annuli seal failure, a 
passageway in the direction towards the horizontal portion of the deflected well is 
created by drilling a borehole, and a circular interconnecting cavity, oriented in a 
vertical plane, is formed by flowing a radially-directed solvent into a massif 
trough a nozzle, fixed at the outer end of the tubing, positioned in the bottom of 
said borehole. 

2. The method in claim 1 distinctive in such a way that the borehole is drilled at a 
50-60 degrees angle to the horizontal portion of the deflected well. 
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(54) CnOCOB COEflHHBHHfl CKBAKHH B IUIACTAX PACTBOPMMUX 

iiopoa 


M3O0peTeHK6 OTHOCMTCH K rOpHOftty 

neny h MO*ex Outs KcnajibsoBaHO npH 
cosAaKKH nojxseMHHX emcocTeft rajiepeft- 
Horo TKna b pac t b opHMtix ♦opmbuhhx, * 
a xaxxe npn AOGtree MHHepanbmax ooneft 
pacTsopeHMeM. 

H3B6CT6R cnOCOC COeAHHeHHH CKBA" . 

3RHR b ruiacxax paCTBOpHMHX nopoAr bkjuo- 
qamHft Cypemce cKBaxHH, hx cbofticy |q 
nyT&M cosAaHKH TpemwHbj rHApopas pua a 
h nocjieAywaee oOpasosaHiie cpenHturreJib- 
hoii rohocth nyTOM HarHexaHHx b yxa- 
sarnrae Tpemmu pacTBopHTejmLl ]• - 

M3B6CT6H TakXB OnOCOO COejXMH©HHfl 

CKBaxnH b ixnacxax pacxaopHMux nopQA, 
npeHMymecTBeHHo x&mohhoA cojih, bkjbo- 
vajomtft OypeHaa BepTHKajibHOft cKBara- 
HHf oOopyfloBaHHofl oCcaAMOfl h packnteft 

KOJIOH HBMH / H HanpaBJieHHOft CKBaXKttH, 

HMewneft ropMSOHxajibHufi yuacxox ctbo- 
jia, no^BeAdHHe 3a0oa ropH30HTan*HO- 
ro y^acTKa cxBana k npHsaGoftHoft 90ne 

BepTHKanbHOB CKBeUKKHbl r COBflaHHe H3 

cxso/sa aepTHxaJibHoft ckbwhhu b HanpaB* 
jtohhh ropHBOHTanbHoro ynacTxa Hanpas-" 
jibhroB cxaaxMHt* xaRajia h oGpasoBaHxe 
b ueAHxe Mexay ropHsoHxajibmaM yttacT- 

KOM KanpaBJIOHHOft CKBaaCHHU.H CXBOJlQM 
BepTHKanbHOH 5 CKBaJKHHbl COeAHHHTeJlbHOfl 

nojiocTH nyTBM.aaxaHKJH b OAHy mb CKia-;« 


15 


huh pacTBopHTenn c nepifOAmecKHM nv • 
BumeHHeM AaftneHK* b oahoU hs ckBa-: 

KHH T"2l. 

"HeAocxaTKOM hbbocxhhx cnocoOoa 

HBJ1H0TCH TO, *TO IU1H COSJXaUKH CCOOM- 

Horo xaHaita b hhx KcnonbayexcH run- 
popaspMB iuiacxa, npM xotopom M9-aa 

H606XOAKMOCTH npHMBHeHMH BUOOKHX 

AasjieHKft Moxex 6«xb napyuena repwe- 

THtHOCTb CKBaXRH, 

KpoMe xoro # COBAAHHe COeAMHHXeJlb- 

Hoft nonocTH xpe6y«T 6oiibtiiHX aaxpax 
BpoMGRHy Tax xax npouecc ee oOpaao- 
BaHRH HeynpaBJiHCM m Ann cOoBkm cKBa- 
xkh aeoexoAKMo oSpaaoBaxb nonocTb Oonb- 
max pasMapoB, 

qejib HaoOpexeHHH - cnwieHne Bpe- 

MftRR CCHSAMHaHHH CXB8JKHH nyXBM yMeHb- 

meHHH paaMapoB oepaayeMOft ncxnooxx, 
a xax*e ycxpaHttHue bosmobchogtm paa- 
repMaTM9auHtt saxpy6Horo npocTpaHCX- 
aa cKBaxxM. 

nocTaBjieHHaR uem> AOCTaraexcfl xeM f 
«xo xaHaii a HanpaBJieMHM ropHSOHxanb- 
Horo yvacxxa HanpaBJieHHoB cxsaxcHHU 
CO3ABJ0T nyxeM OypeHHX iunypa, a cogam- 
HMxenbHOB nojxocxM npxAa* v ♦opw xpy- 

rOBOft BfctpaOOXKM, .OpkeHTHpOBAHHOft 

m BapxHKajibHOft iuiockocth, nyxeM aoar 
AefloxBMR K« MaccMB paAKajibHO Hanpaa- 
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JIOHHblM nOTOKOM pacXBOpHXeAR , *OpMH- 

pyeMbw nocpeflCTBOM HacaAKH, ycxaHos- 
JieHHOfl na KOHue pa6p*eft kojiohhh xpyo, 
pasMemeHHofl Ha sa6oe yxasaHHoro nmy- 
pa. 

KpoMe Toro r umyp Oypnx noA yrJioM 
50-60° k ropaaoHTanbHOMy yvacxxy Ha- 
npaajxeHHOR ckbajkhhu » 

Ha $Hr. 1 HSoOpaxema coeARHHeMbie 
CKBaxHHH, aepTHKajibHuA paspes ; Ha 
*Hr.2 - paspes A-A Ha <|>Hr.l. 

CnocoO ocymecTBJiHiOT oneAywcuHM 06- 
pasoM. 

npOHSBOflHT OypeHHe BQpXHKdJtb HOR 1 

h HanpaBJieHHoft 2 ckbaxhh Ha saaaH- 
hdm paccTORHHH Apyr ot Apyra . npoxofl- 

Ky BGpTHKa/IbHOH CKBaXHHU OCymeCTBJIHWT 

c sarjiyCsieHMeM Ha 1-2 m b noAOtuBy 
co/iHHoro roxacTa 3. 

HanpaBTieHHyw cKBaxcHHy npoxoARX xa- 
khm oOpasoM, mto6h ee hh*hhh kpkboah- 
HeftHan facxb 3aKaHHHBajiacb b6jih3h no- 
flouiBbi coJWHoro itnacxa 3 h 6buia hb- 
npasjieHa b CTOpoay cxBOAa BepxHxajib- 
Hoft cKBaxcHHM 1. 06e cKBaxHHbi 3axpen- 
JiiDOTCH o6caAHHMH KOJiOHHaMH 4, sarAyB- 
jieHHbiMH b kpobjuo cojiHHoro njiacxa 3, 

, no OKOHHaHHH npOXOAKH M Kpen/ieHHH 
CXBaXHHU Q6caAHUMH KOJiOHHaMH 4 K3 

cTBOjia HanpaBJieHHOft cxaaxHHbi 2 npo- 

XOflHT AOnOJIHHTeJXbHUfl rOpH90HTa/XbHUft 

yvacTox 5 baoto noaouiBu cojiHHoro 
nnacTa 3. BypeHHe AonojiHHTejibHoro 
y^acTKa seflyt ao xex nop, noxa ero 
saooR ne flOCTHraeT soma cTBOJia sep- 

THKaJIbHOft CKBdJKHKH 1. 

no saBepmeHHM npoxoflKH Aonon- 
HHxenbHoro ropHSOHxajibHoro ynacxxa 5 
HdnpaBneHKOfl cKBakHHu. 2 usbqcthumh 
reo^H3HuecKHMH MexoflaMH onpe^e/iHex- 
ch *aKTH^ecKoe MecxonoAoateHHe ropH- 
soHxajibHoro yuacxxa oxHocifreAbHO 

CXBOJia BepXHKaJXbHOR CK&aXHHU 1. 

flJIR COeflHHeHHR ripHSaCoftHOfl SOHbl 

BepxHKajibHoft cxBaxMHtfl 1 c npHsaGofl- 
Hofl 30Hon ropHaoHxanbHoro y^acxxa 5 Ha- 
npaBJieHHoa cKBaxcHHU 2 H3 cxBOJia sep- 
THKajibHOft cKB&XHHbi k Mocxy pacnojio- 
xceHHR ropHsoHTajibHoro cTsojia npoxo- 
Ahx CoxoBoa ropKSOHxajibHufl tunyp 6, 
HanpHwiep AHgMexpoM no 100 mm, noA 
yr/roM 50-60° x och ropHSOHxajibHoro 
y^atoxxa 5 Hanpaa jxbhhoR cxBaxHHw 2 . 

AnxHy npoxoflKMoro umypa 6 npHHHMa— 
iox paBHOft pac^zexHOMy paccxonHHio 

OX CTBOJia BepTHXa/IbHOft CKBaJKHHU 1 

AO AonojiHHTejibHoro ropHSOHxajibHoro 
yiacxxa 5 HanpaajieHHoR cxsaxMHu 2, 
xoropoe ycxaHaBJiHBaexcH no flaHHHM 
saMtfpoB aaxMyxajibHoro otx^ohohmh 
yxasaHHoro y^acxxa h anpaB jioh hor c*Ba- 
JKHHU 2 ot CTBOJia BepxHxajibHofl cxaa- 
xHHta 1 b npouecce npoxoAKH. * 

IXpoxowy ropHSOHxajibHoro nmypa 6 
ocymecxBJiHiox c npHMe He hhgm hsbgct— 
Hhoc ycTpoJlcTB Ann MexaHH^ecKoro 

OypeHHH OOKOBblX OTBGXBJI6HH8 K9 

BepxHxanbHoro cxsoJia cKBaxcHHbi c Ma- . 

JWM paAHyCOM KPHBH3HM, HanpHMSp flO 65 
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3 m, b KOTopHx nopoAopa3pywaiomHH 

HdKOHe^JHHK MepeS ceKUHIO 7 PH6KHX M e- 

xajiJiHWCKHx xpyo coeAHHeH c Oypx/ib- 

HOH KOJIOHHOft 8. , 

Cnycx ycxpoftcxB ajjh OypeHHH 6oko- 
Bboc oxBeTBJieHHfl k Mecxy 3a6ypHBaHHH 
wnypa h yAepmaHHfl mx b 3 ajxaHHOM Ha- 
npaBJieHHH bo bpomh aaCypHBaHxa h b 
npouecce npoxoAKH tonypa 6 ocymecTBJia- 
»x nocpe^cxBOM HanpaBjinwiaero annapa- 
^a 9, yKpeoneHHoro Ha xonue paC50He« 
KonoHHbi 10 HacocHO-xoMnpeccopHbix xpy«5. 
nocjie cnycxa b CKBawHHy ao rjiy6HHu 
saGypHBaHHn mnypa HanpaBJiniouiHR an- 
napaT 9 nocpencxBOM HSMepHxejibHux npH- 
6opob opneHXHpywx no asHMyry saCypu- 
BaHHH umypa 6 h 3axeM mecxxo saxpen- 
Jimox na ycxbe CKBaxKHbi. 

nocjie sarjiyOneHHR unypa 6 na sajxaH 
Hy» AJiHHy nopoAopaspyiiiaiotiiHR HaxoHen- 
hhk ycTjpoftcxBa AJIR OOKOBOrO OypeHHH 
3aMeHHK)T HenoABH5icHOft hjih BpatQaKnueflCH 
HacaAxoR aar paAwajibHo HanpaBJieHHoR 
noAa^H pacxBopHxejiR , nocpeACTBOM 
xoxopofl b npHsaOoftHoft sone npoOypeH- 
Horo umypa npoHSBOARX pa3MbiB sepxH- 
xajibHoR xpyroBoft nojiocxH 11 c noAa- 
neti pacxBopHxenn <npecHoR boau) ^e- 
pe3 KOjioHHy 8 OypHJibHtix xpy6 h cex- 
Uhk> 7 thOkhx MexajuiHwecKHx xpy6. » 

Oxboa oapasyioiaerocR paccona ocy- 
mecxBJiRiQx uepea oxsepcxHR HanpaB/iR- 
wmero annapaxa 9 h KOJibueBOR sasop 
Meawy 6ypHjjbHOfl: koaohhor 8 k kojioh- 
hor 10 HacocHO-KOMnpeccopHtax xpy6. 

B npouecce cosAaHHR xpyrosod noAbc- 
xh nepnoAH<iecKH npoHBBOARX yBejiH^e- 

HHe AaBJieHHR B CTBOJie BepXHKaJIbHOR 

CKBaxcHHu ao seJiH^HHu, He npeBhoiiaxaneR 

MHHHMajIbHO Heo6XOAHMOH BeJIHKHHhl AaBJie- 
HHH THAPOpaSphlBa COJIRHOro MaccHBa 

y OauiMaKa oOcaAHoft kojiohhh bxoR 

CKB.aXHHU. 

npouecc oOpasoBaHHH BepxKKaAbHOR 
xpyroBOR nojiocxH BeAyx ao boshhxho- 

B6HHH yCXORUHBOfl rHAPOAHHaMH^eCKOR 
CBR3H MeHWy COeAHHReMMMH CKBa*HHaMH , 

xapaKTepH3y»n;eRaR paBHOMepHtm hsjih- 

BOM COJlHHOro paCTBOpa H3 CTBOJia Ha- 

npasjieHHOR cKBaxHHbi npH nepexpuTHK 
paccojiooTBOARmeR jihhhk BepxHKajibHOR 
cKBamHHbi; 

npeAJiaraeMHR cnoco6 nosBOJinex o6ec- 
newTb JXHKBHAauHto i oOpaaoBaHHR b 
MecTe coeARHeHHH saGOR BepxHKajibHOR 
cKBa^HHbi c saooeM ropHSOHxajibHoro 
CTBOJia HanpaB Jie hhoR cxBaxcHHU nojxoc- 
TeR 6ojibuxoro o6beMa, KeonpeAeJieHHux 

pa3MepOB H ^OpMU f OKaSblBaMtOHX OTPH- 

uaxejibHoe bjikrhhc Ha ^opMooOpasoBa- 
HHe eMxocTH, HanpHMep ranepeRHoro 
Tuna, b npouecce ee co3AaHH«; ycx- 
paHeHHe onacHocxn pasrepMexH3auMH 
3axpy5Horo ftpocxpaHcxBa coeAHHReMbix 
CKBaxcHH 3a cvex pesxoro coxpameHHR 

nOTpeOHblX AaBJieHHR AAR paSBHXHR B 

uejixxe cojih, pasAejiHwtaeM dcBaxcHHbi, 
xpemHH THAPopaspuBa; SHa^iHxejibHoe 
yMeHbtix^HHe saxpax speMeiiH Ha coenn- 
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H6HH6 CKfiaXHH 3a CUex CHHXeHHA 0(5b€- 
Ma pa66T no pasMHBy coeAHHMTejib- . 
HOft nojiocTH b ue/MKe Mewy cKBara- . 

H3KH • 

<t>opMyna h3o0pgtghkh ^ 

1. CnOCOO COeAMHeHHH CKBdXHH B 

nuacxax pacTBopKMUX nopon, npeHMymecx- 
boh ho KaneHHOft conn, BKJiia^awnHa 6y- 
pdHHe BepTHKaJIbHOfl ckbsikhh, oGo- 10 

pyAOBaHHOft oGcajjHoft h* pa6o<teft kojioh- 

HaMHf K HanpaBJieHHOft CKBaKHHH, KMefc- . 

meft ropKSOHTajtbtfttft y^acTOK cTBojia, 
noflBftAeHH© aa6ox ropH30Htam>Horo 
yvacxxa cxBona k npuaacoftKoff sone Bep-15 

THKanbHOR CKBAXHHblf COSflaHHe KB CXBO- 

nm BepTHKajit»HoH c k bqjkhh bi b HanpaB- 
jtOHHH ropKSOHTajibHoro ywacxxa HanpaB- 
JieHHOft -cxBaxKHH KaHajia h oOpaaoBaHHe* 
b uejiHKe M&my rop h s o ht ajib h um ynacx- 20 
KOM HanpaBJieHHOft CKB8JKHHU k ctbojxom 
BepTHK&nbHOB CKBaJKMHU COeWHMTeJlbHOfl 

nanocTH nyreM 3aKaiKH b oany H3 cKBa- 
bchh pacTBopHxeJiH c nepnoAH*tecKHM no- 
BtjmeHHeM AaBJieHKH b oahoA hs CKBaxHH, 

OTJflHH a K> tfl H ftC H T6M $ HTO $ 


C UenblO CHlUKeHHH BpeMeHH COejDHHeHHM 

CKBaxcHH nyTeM yM6 h b we h k h paatjtepoa 
oCpasyeMoft noaocxH, a xaxxe ycxpa- 

H6KHA BO3M03KHOCTH paSrepMeTHSaUKH 

saTpydHoro n poc.xpa h ctb a cK&a*HK, .na- 
Haji b HanpaBJieHHM ropHsoHxanbHoro 
ytacTxa HanpaBJieHHOft cxBaxHHH coana- 
iox nyTeM 6ypeHHR tunypa, a coeflHHH- 
Teju>HOK nojiocTH npHAawT 4>opMy xpy- 

POBOfl BHpaOOTKK, OpHeHTHpOBaHHOH B 

BepTHxajibHoft njiocKOCTH f nyxeM bos- 
nencTBHtt Ha mbcckb pajufajibHO-HanpaB- 

. JX6HHUM nOTOKOM paCTBOPHT6J!H f 4>OpMH- 

pyeMHM nocpeflCTBOM HacajjKH, ycxaHOB- 
neHHOfi Ha KOHue paOo^eft kojiohkh xpy5, 
pasMemeHHOft Ha saOoe yKasaHHoro tuny- 
pa. 

2 # CnocoO no n.l, o t n h h a »- 
m h a c ft TeM, hto umyp Gypnx non 
yrjxoM .50-60° k ropHSOHxanbHOMy ynacx 
xy HanpaBJieHHOft oxBaxHHu. 

' HCTOMHHKH HH0OpMaUHH> 

npHHHTtae bo BHHMaHHe npn Bxctiepxxae 
i, naTeHT CttIA » 2847202, Icji. 299-4 

onybJiKX* 1958. 

2 • HaTeHT CI1IA » 3941422, xn. 299-4, 

ony6mcK« 1976 (npoTOXHn) • 
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